In this work, a series of vented explosions in a typical compressor compartment are simulated using FLACS code to analyze the explosion venting characteristics. The effects of relevant parameters on the pressure peaks (i.e., overpressure and negative pressure) are also numerically investigated, including vent area ratio of the compressor compartment, vent activation pressure, mass per unit area of vent panels, and volume blockage ratio of obstacles. In addition, the orthogonal experiment design and improved grey relational analysis are implemented to evaluate the impact degree of these relevant parameters. The results show that the pressure peaks decrease with the increase of vent area ratio. There is an approximately linearly increasing relationship between the pressure peaks and the vent activation pressure. The pressure peaks increase with the mass per unit area of vent panels. The pressure peaks increase with the volume blockage ratio of obstacles. Based on the grey relational grade values, the effects of these relevant parameters on the overpressure peak are ranked as follows: volume blockage ratio of obstacles > vent activation pressure > vent area ratio > mass per unit area of vent panels. These achievements provide effective guidance for the venting safety design of gas compressor compartments.
Introduction
Compressors are essential equipment in natural gas transportation and storage stations. Natural gas leakage would be easily caused by the high-frequency failure of compressors and associated piping [1] . Once there is a poor ventilation condition in compressor compartments, the accumulation of natural gas released might result in violent gas explosions, which would pose a great threat to operators' lives and public safety in the surroundings. Therefore, appropriate preventive and protective measures for mitigating the effects of gas explosions like venting, suppression, or containment must be taken properly [2] . Among all these measures, venting is widely used in gas compressor compartments to protect equipment and buildings against excessive pressure caused by an internal explosion, due to its advantages of low cost, ease of installation, and small occupation.
Numerous investigations regarding the explosion venting of combustible gas have been carried out to obtain optimal venting efficiency. For example, Liu et al. [3] investigated the characteristics of flame propagation and gas explosions in a 1.16 m 3 explosion chamber with two circular quartz glass windows with a diameter of 20 mm. Bauwens et al. [4] studied the effects of ignition location, vent size, and obstacles on vented explosion overpressure using stoichiometric propaneair mixtures in a 63.7 m 3 vented vessel. Tomlin et al. [5] performed explosion venting experiments using natural gasair mixture with chemical equivalence ratio to analyze the effects of vent area and room congestion degree in a 182 m 3 steel structure vessel. Fakandu et al. [6] investigated the effect of vent burst pressure on vented gas explosion pressure in a 10 L cylindrical vessel. Kasmani et al. [7] conducted explosion venting tests in a 0.2 m 3 cylindrical vessel to investigate the effects of vent activation pressure and ignition location on the maximum overpressure and flame speed. Pu [8] conducted explosion venting tests to analyze the influences of dispersion-induced turbulence and obstacles on 2 Mathematical Problems in Engineering the flame propagation in vessels with volume and length-todiameter ratio varied. Höchst and Leuckel [9] carried out explosion tests using heavy venting devices and explosion doors to analyze the effect of the mass of venting devices in a 50 m 3 silo. However, these efforts mainly focused on small spherical, cylindrical, and cubical vessels with volumes ranging from 0.009 m 3 to 200 m 3 [10] . Few of experiments of natural gas explosion in large-scale rectangular vessels such as compressor compartments have been carried out due to the high costs.
The empirical and semiempirical correlations derived experimentally have been developed to calculate the maximum overpressure inside a vessel during gas explosion processes. For instance, Cubbage and Simmonds [11, 12] developed one correlation that includes the effect of vent area coefficient on the explosion overpressure in cubical vessels with volumes varying from 0.23 m 3 to 14.16 m 3 . Dragosavic [13] proposed a method that stresses the effect of vent activation pressure on the overpressure in vessels with volumes ranging from 20.8 m 3 to 36 m 3 . Rasbash et al. [14] presented an equation that includes the effect of the mass of venting devices and laminar burning velocity of combustible mixture inside cylindrical and rectangular vessels with volumes varying from 0.009 m 3 to 0.09 m 3 . Unfortunately, the above correlations do not contain information regarding the duration and the pressure-time history associated with an explosion, which may be essential for the venting design of an enclosure. Furthermore, these formulas are valid only within the given conditions covered by the specific experiments.
With the advancement of computer techniques and finite element analysis software, numerical simulation based on Computational Fluid Dynamics (CFD) has become one of the major methods to study the explosion venting process in large-scale confined spaces. For instance, Huser et al. [15] performed CFD simulations to analyze the effects of ignition location and vent area fraction on explosion overpressure in chemical process plants. Karnesky et al. [16] developed a three-dimensional gas dynamic model with constant burning velocity to analyze the effects of vent area and obstacles on explosion pressure in vented enclosures. Pedersen et al. [17] established CFD models to investigate the effects of vent size and flow interactions between two enclosures on the gas explosion venting process in a twin-compartment enclosure. These CFD models can provide more detailed and accurate results of a gas explosion process over a wide range of conditions and complex geometries than experimental tests and correlations alone.
Despite the fact that the extensive studies have been conducted in recent years, our understandings of how the venting process works still remain insufficient. In the venting design, the essential problem is to determine the vent area so that the explosion overpressure (i.e., the maximum reduced explosion overpressure red ) does not exceed the maximum allowable overpressure of the enclosure. Currently, the two most widely applied explosion venting standards, namely, the American standard NFPA 68 [18] and European standard EN 14494 [19] , have proposed engineering correlations to determine appropriate vent sizing. However, these standards may have their limitations due to the complex nature of the phenomena and the experimental data source, which were mainly measured in small-and medium-scale vessels. In addition, there are other influence factors for explosion overpressure such as vent activation pressure, mass per unit area of vent panel, and degree of obstruction. However, the relative importance of these influence factors has not been investigated quantitatively in the previous literature.
The objective of this research is to study the explosion venting characteristics inside gas compressor compartments using CFD simulation. The effects of relevant parameters on the pressure peaks (i.e., overpressure and negative pressure) are numerically investigated, including vent area ratio, vent activation pressure, mass per unit area of vent panels, and volume blockage ratio of obstacles. The orthogonal experiment design and improved grey relational analysis are implemented to evaluate the effects of these relevant parameters on the overpressure peak.
Numerical Model

Governing Equations.
The explosion venting of combustible gas in the confined space is a complex and transient combustion process, which should satisfy the conservation equations for mass, momentum, enthalpy, and mass fraction of chemical species [20, 21] .
Mass conservation equation is
where V is the volume porosity; is the density; is the area porosity in the th direction; is the velocity component in the th direction; is the mass rate; and is the volume. Momentum conservation equation is
where is the pressure; is the stress tensor; is the gravitational acceleration in the th direction; , is the flow resistance due to walls; and , is the flow resistance due to subgrid obstructions.
The flow resistance , due to subgrid obstructions in (2) can be expressed as follows:
Enthalpy conservation equation is
Mathematical Problems in Engineering 3 where ℎ is the enthalpy; eff is the effective viscosity; ℎ is the Prandtl-Schmidt number; typically ℎ = 0.7; is the heat transfer rate between the fluid and the internal obstructions in the volume.
Mass fraction of chemical species conservation equation is
where fuel is the mass fraction of a chemical species; fuel is the Prandtl-Schmidt number; typically fuel = 0.7; and fuel is the fuel reaction rate inside the control volume. In this work, the -model is used to describe turbulence properties during the explosion process. The conservation equations for the kinetic energy of turbulence ( ) and its rate of dissipation ( ) are expressed as follows [20, 21] . Turbulent kinetic energy conservation equation is
Dissipation rate of turbulent kinetic energy conservation equation is
where is the turbulent kinetic energy; is the production of dissipation; and are the Prandtl-Schmidt numbers; typically = 1.0 and = 1.3; 2 is a constant in (7); typically 2 = 1.92.
The stress tensor in the above equations is given by the following:
where is Kronecker delta function. = 1 if = , and = 0 if ̸ = . The effective viscosity eff is defined as follows:
where is a constant; typically = 1.92. The second term of the right hand is known as the turbulent viscosity or eddy viscosity.
The turbulent kinetic energy is expressed as follows:
where is the flow shear stresses; is the wall shear stresses;
is the buoyancy; and is the subgrid objects. The production rate of turbulent kinetic energy due to shear stresses appears from the derivation of transport equation:
The production due to buoyant forces is modelled by a single gradient model:
where is the Prandtl-Schmidt number, typically = 0.9. The turbulence generation due to subgrid obstructions is modelled by the following:
where is a model constant and is a parameter depending on subgrid objects. The production of dissipation is modelled as follows:
where 1 and 3 are constants, typically 1 = 1.44 and 3 = 0.8. The model for the buoyancy term in (14) is given by the following:
In FLACS, the buoyancy terms and are 0 when products are present. flame model is adopted to ensure flame propagation with a specified burning velocity in an explosion process, whose flame thickness is typically about 3-5 grid cells.
Combustion
During the very early phase of gas explosion, the flame is smooth and governed by molecular diffusion, and then the burning velocity is laminar. A short period of time after ignition, the flame becomes quasilaminar when instabilities lead to wrinkling of the flame. After a transition period, the flame reaches the turbulence regime. In FLACS, three different burning velocity models are used to simulate the above three burning phases, respectively, including the laminar flame model, the quasilaminar flame model, and the turbulent flame model. The laminar burning velocity depends on the type of gas, gas-air mixture, and pressure, which can be written as follows [21, 22] : where is the laminar burning velocity; 0 is the burning velocity under a specific reference pressure; 0 is the reference pressure; and is a gas-dependent parameter.
In the quasilaminar regime, the burning velocity is given by the following:
where QL is the quasilaminar burning velocity; is the rootmean-square of the turbulent velocity fluctuations; and is the turbulence length scale.
In the turbulent regime, the burning velocity is expressed as follows:
where is the turbulent burning velocity. FLACS selects burning velocity as follows:
where is the chosen burning velocity.
Geometry and Computational Domain.
The FLACS code solves differential forms of the conservation equations for mass, momentum, enthalpy, and chemical species on a threedimensional Cartesian grid using the finite volume method. In this work, FLACS is used to establish the geometry model of a compressor compartment according to the distributed porosity concept [22, 23] . A typical gas compressor compartment operated by Dujiangyan Gas Co., Sichuan, China, is selected to study the explosion venting process in this study. The compartment has the dimensions of 15.6 m long, 9 m wide, and 7 m high, as shown in Figure 1 Table 1 . It can be found that the overpressure peak and the maximum rate of pressure rise inside the entire computational domain both depending on the grid resolution. The relative discrepancies of the overpressure peaks and the maximum rate of pressure rise between number 1 and number 2 are 13.09% and 18.02%, respectively, whereas those between number 2 and number 3 further drop down to 6.41% and 3.17%, respectively. These indicate that both grids (number 2 and number 3) are more suitable for numerical simulations. So as to save time and improve the computational efficiency, the medium grid (number 2) is used to perform all simulations in the following sections.
Initial and Boundary
Conditions. The flammable gas cloud size mainly depends on the kinds of leakage sources, space dimensions, and ventilation conditions. In general, the maximum explosion overpressure would be generated when the volume ratio of gas fuel to air is close to the stoichiometric ratio [4, 5] . In other words, the entire compartment filled with a gas cloud close to the stoichiometric ratio can be taken as the worst-case scenario. Thus, the initial condition prior to ignition is assumed that the entire compressor compartment is completely filled with a stoichiometric gas cloud. The compositions of natural gas released are listed in Table 2 . All boundaries of the whole computational domain are set as the PLANE WAVE boundary, with the exception to the solid ground which is set as the EULER boundary. An initial relative turbulence intensity of 0.1 and an initial turbulence length scale of 0.01 m are considered throughout the whole analysis. The ambient pressure is used as the reference pressure outside the boundaries [22] . The computational domain is initially defined with the standard atmospheric pressure and a temperature of 20 ∘ C. In addition, the noslip boundary conditions are applied to the walls which are completely blocked, and the gradient of normal pressure, temperature, and density are all set as 0. All venting panels are defined as the outlet boundaries. The porosity of the vents is set to 0 before explosion overpressure is less than the given vent activation pressure, while it would be switched to 0.7 when the vents are broken.
Model Validation
Propane-Air Explosion.
In order to validate the present numerical model, the comparisons of the experimental and numerical results for the stoichiometric propane-air explosions were performed in a 63.7 m 3 explosion test chamber [4] . The chamber has the dimensions of 4.6 m long, 4.6 m wide, and 3 m high and has a square vent of 5.4 m 2 or 2.7 m 2 located on the front wall. Two ignition locations, that is, the back ignition (0.25 m from the center of the wall opposite the vent) and the center ignition (center of the chamber), are used, respectively. Four pressure transducers are mounted on the chamber walls to record the pressure-time histories [4] . The present numerical results are compared with the experimental results recorded by the pressure transducer P1 [4] , as shown in Table 3 . The relative errors of overpressure peak are all smaller than 7% between experimental and simulation results. In addition, Figure 2 illustrates that the trend of numerical simulations is approximately similar to that obtained from the experiments. It can be concluded that the numerical model is valid to reproduce the experimental results.
Methane-Air Explosion.
Two sets of experiments in terms of stoichiometric methane-air explosions were used to further validate the accuracy of the present model. The experiments were carried out by Hjertager et al. in a 27 m 3 cubical vessel, which has the dimensions of 3 m long, 3 m wide, and 3 m high [24] . Ten pressure transducers are mounted at various positions along the two diagonals to record the explosion overpressure. The ignition source is located in the vessel corner. Two obstacle arrangements inside the vessel, that is, the obstacles' diameter = 820 mm with the volume blockage ratio (VBR) = 0.5 and = 164 mm with VBR = 0.2, are taken into account in this paper. The peak overpressures recorded by those pressure transducers [24] and the numerical results obtained from the present work were summarized in Figure 3 . It can be found that the numerical results are both in good agreement with the experimental results for the explosion scenarios.
Numerical Results and Discussion
Simulation Conditions.
Numerical simulations are performed for different explosion venting scenarios by varying one parameter per time to analyze the variation of pressure peaks in a compressor compartment, while maintaining all other parameters unchanged. A summary of the initial data for these simulations is shown in Table 4 , including vent area ratio ( V ), vent activation pressure ( stat ), mass per unit area of vent panels, and volume blockage ratio (VBR) of obstacles. The vent area ratio ( V ) is introduced to quantitatively investigate the effect of vent area on the pressure peaks. In this paper, the vent area ratio is defined as V = V / 2/3 [25] , where V is the vent area and is the volume of a compressor compartment. The VBR is defined as the volume fraction occupied by compressors inside the compartment, characterizing the degree of obstruction [24] .
Explosion Venting Characteristics.
In this section, the compressor compartment shown in Figure 1 is studied to investigate the explosion venting characteristics. Other important parameters for the explosion venting scenario are as follows: the vent area ratio of 1.6, vent activation pressure of 0.1 barg, the mass per unit area of vent panels of 5 kg⋅m −2 , and the volume blockage ratio of obstacles of 0.016.
Ignition Location.
The gas explosion venting characteristics are strongly dependent on ignition location [4, 5] . Thus, the effect of ignition location should be discussed first. Three ignition locations, namely, I1 (0.2, 4.5, 0.2), I2 (7.8, 4.5, 0.2), and I3 (7.8, 4.5, 3.5), are compared in this paper, as illustrated in Figure 4 .
The overpressure peaks obtained for the three different ignition points in the entire compartment are shown in Figure 5 . The comparison shows that ignition location I1 generates a significantly higher overpressure peak compared to I2. For ignition location I1, the flame would travel from one end of the compartment to the other end alongaxis, resulting in the farthest flame propagation distance. During this process, the flame front surface interacts with the compressor two times. Thus the higher turbulence intensity would be generated, which contributes to speeding up the flame combustion rate and creating a higher overpressure peak. In addition, the overpressure peak caused by ignition location I2 is higher than that caused by ignition location I3. The reason of this phenomenon lies in the fact that the presence of compressors on the ground increases the flame surface area and turbulence intensity.
Time-Varying Characteristics of Explosion Pressure.
The time-varying characteristic of explosion pressure involves gas combustion and expansion, unburned and burned gas venting, external deflagration, flame front surface development, flame instabilities, and flame acoustic interactions [26] . Thus, the evolution of pressure along the pressure-time history is Mathematical Problems in Engineering Figure 4 . Figure 6 shows the pressure-time curves obtained at different monitoring points for the ignition location I1 (illustrated in Figure 4 ). Figures 7 and 8 present the development of fuel cloud and flame along with time on the plane = 1.4 m, respectively. As can be seen from Figure 6 , the first pressure peaks are observed within 0.67-0.68 s for all the eight monitoring points. Furthermore, the explosion pressure exceeds the given vent activation pressure at approximately 0.67 s. Consequently, almost all the vents are activated at the same time, causing emissions of unburned gas prior to that of burned gas, as shown in Figure 7 .
When the burned gas reaches the vent (i.e., 0.72 s shown in Figure 7) , the volumetric venting rate of gas exiting the compartment is substantially increased due to the decrease in density of the vented gas. When the venting exceeds the volume expansion resulting from combustion, the internal pressure is decreased in the compartment. However, the burned gas is overvented due to the inertia of outflow. Consequently, a substantial negative pressure would be generated, as shown in Figure 6 . In addition, this process might trigger a Helmholtz oscillation, causing the internal pressure to oscillate around the equilibrium pressure [27] .
When the flame interacts with compressors, the front surface would wrinkle and produce a larger flame surface area, as illustrated in Figures 7 and 8 . However, the pressure peaks generated by interactions between the flame surface, flame acoustics, and the structure of the compartment itself are not significant, which may be due to the large vent area in the model. Table 4 are used to analyze the effect of vent area ratio ( V ) on the pressure peaks (namely, overpressure and negative pressure) under different vent activation pressure ( stat ). Figure 9 shows the typical pressure variations of vented explosion for the vent activation pressure of 0.1 barg, 0.2 barg, and 0.3 barg, with varying the vent area ratio from 0.1 to 1.6. In all the cases, the mass per unit area of vent panels is set to 5 kg⋅m −2 and the volume blockage ratio of obstacles is 0.016. As can be seen, given a fixed stat , the overpressure and negative pressure peaks both decrease with the increase of vent area ratio. The reason of this phenomenon lies in the fact that the larger vent area results in more combustible gas expelled from a compressor compartment at the same time. In addition, the pressure peaks decrease rapidly at V < 0.5, while they are almost independent of vent area ratio at V > 0.5. Therefore, the vent area ratio V = 0.5 is recommended to use as the minimum vent area ratio in the venting design of compressor compartments. Figure 10 illustrates the comparisons of simulation results with the values calculated according to EN 14494 and NFPA 68 at stat = 0.1 barg under different vent area ratio. As can be seen, the general trend of simulation results is similar to those obtained by EN 14494 and NFPA 68. When V is less than 0.5, the overpressures calculated from NFPA 68 or EN 14494 are both greater than those obtained by numerical simulations, and the maximum discrepancy might exceed 1.0 barg. However, the discrepancies of peak overpressure decrease with the increase of V when V is larger than 0.5. Table 4 are used to analyze the effect of activation pressure ( stat ) on the pressure peaks (i.e., overpressure and negative pressure) under different vent area ratio ( V ). The pressure peaks recorded for vent area ratio of 0.5, 1.1, and 1.6 with vent activation pressures ranging from 0.05 barg to 0.3 barg are all presented in Figure 11 . In all the cases, the mass per unit area of vent panels is set to 5 kg⋅m −2 and the volume blockage ratio of obstacles is 0.016.
Analysis of Impact Factors
Effect of Vent Area Ratio. The relevant parameters listed in
Effect of Vent Activation Pressure. The relevant parameters listed in
There is an approximate linearly increasing relationship between the pressure peaks and the activation pressure for a fixed V , as shown in Figure 11 . The increase of vent activation pressure will induce a delay in the opening time of vent, which enhances the unburned gas compressibility and turbulent intensity and thus causes an increment in pressures. 
Effect of Mass per Unit Area of Vent Panels.
The relevant parameters listed in Table 4 are used to analyze the effect of the mass per unit area of vent panels on the pressure peaks (i.e., overpressure and negative pressure) under different vent area ratios ( V ). The pressure peaks recorded for vent area ratio of 0.2, 0.5, and 0.8 are all presented in Figure 13 , with varying mass per unit area of vent panels from 5 kg⋅m 60 kg⋅m −2 . In all the cases, the activation pressure ( stat ) of vent panels is set to 0.1 barg and the volume blockage ratio of obstacles is 0.016.
As can be seen, the pressure peaks increases with the mass per unit area of vent panels for a fixed V . The reason of this phenomenon lies in the fact that the greater the mass per unit area is, the more significant the inertia effect of vent panels is. The inertia effect will lead to a delay in the opening time of vent and damp the discharge of unburned gas and thus increase overpressures. Therefore, the low-density and low-intensity materials should be selected as the vent panels to minimize the inertia of vent panels in partially closed or fully closed compressor compartments, from the point of controlling explosion peaks. 
Effect of Volume Blockage Ratio of Obstacles.
In this section, numerical simulations are performed by varying the numbers of compressors in the compartment. The relevant parameters listed in Table 4 are used to analyze the effect of volume blockage ratio on the pressure peaks (i.e., overpressure and negative pressure) under different vent area ratios V . The pressure peaks for V of 0.2, 0.5, and 0.8 are all presented in Figure 14 , with varying the volume blockage ratio of obstacles from 0 to 0.032 (i.e., the number of compressors ranging from 0 to 4). In all cases, the activation pressure ( stat ) of vent panels is set to 0.1 barg and the mass per unit area of vent panel is set to 5 kg⋅m −2 .
As illustrated in Figure 14 , given a fixed V , the pressure peaks increase with the volume blockage ratio of obstacles. This is due to the fact that the larger the volume blockage ratio is, the greater the degree of obstruction will be in the compartment. Under these situations, the flow resistance during the venting process would be enhanced, and thus the turbulent intensity and overpressures are increased. Furthermore, the effect of volume blockage ratio on the pressure peaks is much more significant for a smaller vent area ratio. 
Relative Importance of Various Impact Factors
Orthogonal Experimental Design.
The orthogonal experimental design is a mathematical method to address the tests of multiple factors and levels [28] . The key of this method is to make an orthogonal design table based on the reasonable and representative levels of the investigated factors. This method can select representative cases and evaluate relative importance of each factor. In this work, an orthogonal experimental table of 4 factors and 5 levels is designed, as listed in Table 5 . 25 cases are simulated, as shown in Table 6 . The overpressure peak is taken as the evaluation index to identify the relative importance of various impact factors.
Grey Relational Analysis.
Grey relational analysis is an effective statistical method to identify uncertain relations between one main factor and all other factors in a given grey system [29] . It has been widely applied into impact factor analysis [30] , scheme decision-making [31] , and comprehensive assessments [32] . In this work, the improved grey relational analysis is adopted to analyze the orthogonal experimental results. The primary steps are as follows [33] . Step 1. Set the reference sequences as 0 = { 0 ( ), = 1, 2, . . . , }, and the comparative sequences as = { ( ), = 1, 2, . . . , }, = 1, 2, . . . , : 1, 2, . . . , − 1) .
(20)
Step 2. Calculate the relative change rate :
Step 3. Calculate the grey relational coefficients ( ):
In (22), if both ( ) and 0 ( ) are the same symbol or 0, take the plus; otherwise, take the minus.
Step 4. Calculate the grey relational grade between and
In (23), the grey relational grade varies from −1 to 1. | | represents the magnitude of the relational grade among various impact factors.
Step 5 (Rank). The impact degrees of investigated factors are ranked based on the magnitude of the grey relational grade.
As shown in Table 6 , the overpressure peak columns are set as the reference sequence, whereas the remaining 4 columns are set as comparative sequences. The results of the relational grade calculated according to the above steps are presented in Table 7 .
As can be seen from Table 7 , the grey relational grades of four parameters (i.e., vent area ratio, vent activation pressure, mass per unit area of panels, and volume blockage ratio of obstacles) are 0.2423, 0.5420, 0.2211, and 0.5542, respectively. It means that the effects of four factors on overpressure peaks are ranked as follows: volume blockage ratio > vent activation pressure > vent area ratio > mass per unit area of vent panels. Furthermore, the grey relational grades for volume block ratio and vent activation pressure are much greater than those for vent area ratio and mass per unit area of vent panels. Therefore, more attention should be paid to how to effectively reduce the degree of obstruction inside compartments and the activation pressure of vent panels during the venting safety design of gas compressor compartments.
Conclusions
In this paper, a series of vented explosions in a typical compressor compartment, operated by Dujiangyan Gas Co., Sichuan, China, are simulated using FLACS package to analyze the explosion venting characteristics. The effects of relevant parameters on the peak pressures are also numerically analyzed, including vent area ratio, vent activation pressure, mass per unit area of vent panels, and volume blockage ratio of obstacles. In addition, the orthogonal experiment design and improved grey relational analysis are implemented to evaluate the relative importance of these parameters.
Simulation results indicate that almost all the vents are activated at the same time, leading to emissions of unburned gas prior to that of burned gas. A Helmholtz oscillation might be triggered during the venting process, causing the internal pressure to oscillate around the equilibrium pressure. Furthermore, several conclusions are drawn from the analysis of impact factors: the pressure peaks decrease with the increase of vent area ratio, whereas they are independent of the vent area ratio when the vent area ratio exceeds 0.5; there is an approximately linearly increasing relationship between pressure peaks and vent activation pressure; the pressure peaks increase with the mass per unit area of vent panels; the pressure peaks increase with the volume blockage ratio of obstacles, especially for the situations with a smaller vent area ratio. Meanwhile, the general trends of simulation results are similar to those obtained by EN 14494 and NFPA 68 under different vent area ratio or vent activation pressure.
The grey relational grades of four parameters (i.e., vent area ratio, vent activation pressure, mass per unit area of panels, and volume blockage ratio of obstacles) are 0.2423, 0.5420, 0.2211, and 0.5542, respectively. This indicates that the effects of these parameters on overpressure peaks are ranked as follows: volume blockage ratio > vent activation pressure > vent area ratio > mass per unit area of vent panels. Compared with the vent area ratio and the mass per unit area of vent panels, the degree of obstruction inside compartments and the activation pressure of vent panels play much more significant roles in controlling explosion overpressure peaks. Thus, more attention should be paid to these two parameters during the venting safety design of gas compressor compartments.
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